Acoustical and excess thermo physical properties of 2methylcyclohexanone with O-chloroaniline, O-toluidine explored at varying temperatures (303.15 -318.15 K) and close gas pressure by evaluating speed of sound (u), density (ρ) and viscosity (η) over the total vary of composition. The trend in the acoustical and excess thermo acoustic parameters exhibit the existence of hydrogen-bonded and charge transfer complexes between the binary system. The variation of the excess parameters both in sign and magnitude in the full range of composition investigated. These results were fitted to Redlich-Kister polynomial equations to estimate the binary coefficients and standard errors. The partial and excess partial molar volumes for each component at infinite dilution have been appraised and reported.
INTRODUCTION
The investigation of atomic connections in blended dissolvable frameworks is of incredible noteworthiness inferable from the reasonable utilization of these frameworks in different advancements, as they furnish a wide selection of arrangements with fitting properties. The abundance thermodynamic properties of parallel fluid blends have been valuable for acquiring data on the intermolecular connections in the frameworks. The negative or positive deviations from the perfect worth rely upon the sort and degree of the cooperation between not at all like particles, just as on the organization and the temperature. 1, 2 Knowledge of the physico-concoction properties of non-watery paired fluid blends has importance in hypothetical and connected regions of research and such outcomes are much of the time utilized in the structure procedure (stream, mass exchange or warmth move counts) in numerous compound and modern procedures. The overabundance properties got from these physical property information mirror the physico-concoction conduct of the fluid blends concerning the arrangement structure and intermolecular collaborations between the segment particles of the mixture. 3, 4 This work is part of our program to give information/data for the characterization of molecular interactions between solvents in binary systems. 5 The liquids were chosen for the present study on the basis of their general importance. 2-Methylcyclohexanone (2MCH) is an important compound used in the Dairy products and analogs, oil emulsions, processed fruit and vegetables, Ready-to-eat savories and snacks. It is also used in the Salts, spices, soups, sauces, salads and protein products. On the other hand, the liquids were chosen in the present study on the basis of their industrial importance. O-Chloroaniline (O-CA) is chosen as polar solvent and self associated through hydrogen bonding of their amine group. The amino group in o-chloroaniline is an electron-donor and the hydrogen atom in the NH2 group can also play the role of proton-acceptor centers. O-Chloroaniline is used as parent substances in the production of antioxidants, agricultural, pharmaceutical and rubber chemicals. It is also used in the manufacture of intermediate for synthetic dyes, and organic pigments especially for red color. 6 O-Toluidine (O-TA) may cause rupture or enhance self-association in pyridine or substituted O-Toluidine which in turn would change their respective topology. 7 In the present study, our focus is on the study of liquid mixtures of substituted O-CA and O-TA with 2methylcyclohexanone because there have been a few studies on these mixtures. 8 It is expected that there will be a significant degree of H-bonding in these binary mixtures we report the densities, speeds of sound and viscosities for two binary systems (2MCH with O-CA and O-TA) at T = 303.15-318.15 K ambient atmospheric pressure. The experimental data has been used to compute the excess parameters, partial molar volumes and FTIR studies. The results are used to qualitatively discuss specific interactions between unlike molecules.
EXPERIMENTAL Materials
Chemicals used in the present study are 2-methylcyclohexanone (Sigma-Aldrich), O-Chloroaniline and O-Toluidine (Sigma-Aldrich). These chemicals were purchased from S.D. Fine Chemicals Ltd. These chemicals were further purified by standard methods. 9, 10 like distillation and fractional distillation under reduced pressure, and only the middle fractions were collected. Before use, the chemicals were stored over 0.4 nm molecular sieves for about 72 h to remove water and gas. The purity of the liquid samples was checked by gas chromatography. The water contents were determined by the Karl-Fischer method.
Method
All liquid mixtures were prepared by weighing a number of pure liquids in an electronic balance with a precision of ±0.1 kg m‾³. The binary mixtures were prepared just before use. The uncertainty in mole fraction was estimated to be less than ±0.0001.The speed of sound was measured with an ultrasonic interferometer (Mittal Enterprises, Delhi, India) working at 2 MHz frequency and 303.15-318.15 K temperature. The uncertainty in the speed of sound was found to be ±0.1 ms‾¹. An electronically digital operated constant temperature water bath has been used to circulate water through the double-walled measuring cell made up of steel containing the experimental solution at the desired temperature. The viscosities were measured with Ostwald viscometer. The viscometer was calibrated at each temperature using distilled water. The uncertainty in viscosity measurement is up to 0.001 mPa s. The flow time has been measured after the attainment of bath temperature by each mixture. The flow measurements were made with an electronic stopwatch with precision of 0.01 s. For all pure components and mixtures, 3-4 readings were taken, and the average of these values was used in all the calculations. The densities of the pure compounds and their mixtures were determined accurately using 10 mL specific gravity bottles in digital electronic balance with an uncertainty of ±0.1 kg m‾³. The average uncertainty in the measured density was ±0.001 kg m‾³.
Theoretical Details
The values of experimentally determined density, viscosity and speed of sound for the liquid mixtures of 2-methylcyclohexanone with O-Chloroaniline and O-Toluidine at 303.15 K-318.15 K over the entire composition range are given in Table- 1. The experimentally determined values of speed of sound, density and viscosity, various thermodynamic parameters like excess isentropic compressibility (K s E ), excess Enthalpy (H E ), excess molar volume (V E ), excess Gibb's free energy (∆G *E ) and excess free length(L f E ) were calculated. The excess values of isentropic compressibility, K s E were calculated as follows; 
E is its excess value, K s id is the ideal isentropic compressibility value and K s represents the calculated value of isentropic compressibility for the mixture. K s id for an ideal mixture was calculated from the relation recommended by Kiyohara and Benson. 12 Benson and Kiyohara. 13 and Douheret et al. 14 
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In which ‫ܭ‬ ௦,°, ܸ , ߙ , ‫ܥ‬ , are the isentropic compressibility, molar volume, isobaric thermal expansion coefficient and molar isobaric heat capacity of pure component i, T represents temperature, ф i is the volume fraction and x i represents the mole fraction of i in the mixture. Excess enthalpy H E was calculated from usual relation,
Where H represents the calculated value of enthalpy for the mixture and H 1 , H 2 represents enthalpy of pure components 1 and 2, respectively. The density values have been used to calculate the excess volumes, V E , using the following equation,
Where, ρ is the density of the mixture and X 1 , M 1 , and X 2 , M 2 , and ρ 1, ρ 2 are the mole fraction, molar mass, and density of pure components 1 and 2, respectively. Excess Gibbs free energy of activation ∆G *E was calculated as follows,
Where, R represents gas constant, T is absolute temperature, Ƞ is the viscosity of the mixture and Ƞ 1 ,Ƞ 2 are the viscosities of the pure compounds, V m is the molar volume of the mixture and V 1 ,V 2 are the volumes of the R.
The excess values of the free length L f E were calculated by using the expression, L f E = L f -K T (K s id ) 1/2 (6) Where L f represents the calculated value for the mixture and K T represents a temperature-dependent constant whose value is
The conventional smooth curve fitting strategy for excess properties of binary mixture involves Redlich-Kister. 15 polynomial non-linear regression,
The values of coefficient A i were determined by a regression analysis based on the least-squares method. The standard deviation (σ) was calculated using the relation, 
RESULTS AND DISCUSSION
The experimental values of density, viscosity and speed of sound in case of all the liquid mixtures understudy over the entire range of composition and at 303.15 -318.15 K are given in Table-1 Fig.-1a and b . It can be observed that the K s E values are positive in case of 2MCH+ O-TA over the entire mole fraction range indicating the presence of weak interactions in these mixtures and also that the molecules are loosely packed in the mixtures due to their shape and size. 18 K s E values are negative in case of 2MCH+O-CA over the entire mole fraction range. The negative values of K s E are of the sign of excess isentropic compressibility plays a vital role in assessing the compactness due to molecular interaction in liquid mixtures through charge transfer, dipole-dipole interactions, and dipole induced dipole interactions interstitial accommodation and orientation ordering which leads to more compact structure making, which enhances excess isentropic compressibility to have negative values as suggested by Fort and Moore. 19 The variation of excess molar volume (V E ), with respect to mole fraction, x 1 , is given in Fig.-2a, 20 Similar results were reported by Garcı´a et al. 21 The negative values of V E indicate that there is more compact packing of the molecules which implies that the molecular interactions are strong, whereas in 2MCH+O-TA, the positive values indicate a loose packing of molecules in the binary mixture compared to those in the pure component. Similar results were observed by earlier workes. 22, 23 Figure- The variations in these above excess parameters with mole fraction and temperature predict the presence of hydrogen bonding between the compounds in 2MCH+O-CA. The excess parameters calculated in the present study correlate with one another and at the same time, each parameter supports the formation of hydrogen bonding in these binary liquid mixtures. But in case of 2MCH + O-TA presence of weak intermolecular forces of attraction. The existing molecular interactions in the systems are well reflected in the properties of partial molar volumes. The partial molar volumes ܸ݉ ,1 of component1 and ܸ݉ ,2 of component 2 in the mixtures over the entire composition range have been calculated by using the following relations:
Where ܸ * 1 and ܸ * 2 are the molar volumes of the pure components of (2MCH with O-CA,O-TA) respectively. The derivates in the above equations are obtained by differentiating Redlich-Kister equation (7) which leads to the following equations for ܸ݉ ,1 and ܸ݉ ,2 :
Using the above equations, ܸ ‫ܧ‬ ݉,1, ܸ ‫ܧ‬ ݉,2 have been calculated using,
The values of ܸ݉ ,1 and ܸ݉ ,2 for both the components in the mixtures are less than their respective molar volumes in the pure state; that is, an expansion of volume takes place on mixing 2MCH with O-CA,O-TA. These results also support the observed negative values of ܸ ‫ܧ‬ ݉ in O-CA and positive in O-TA. Figures-6a and b represent the variation of excess partial molar volumes of ܸ݉,1 (2MCH), ܸ݉,2 (amines) in the binary mixtures. Examination of these figures reveals that attractive and weak forces exist between the unlike molecules. These figures support the conclusions drawn from ܸ ‫ܧ‬ ݉. The partial molar volumes and excess partial molar volumes of 2MCH and amines in all the binary liquid mixtures at infinite dilution, ܸ ∞ ݉,1, ܸ ∞ ݉,2, ܸ ‫ܧ‬ ,∞ ݉,1 , and ܸ ‫ܧ‬ ,∞ ݉,2 , respectively, were obtained by putting ‫ݔ‬ = 0 in (10) and ‫ݔ‬ = 1 in (11) . Consider,
ܸ ‫∞,ܧ‬ ݉,2= ‫+0ܣ‬ ‫+1ܣ‬ ‫+2ܣ‬ ‫+3ܣ‬ ⋅ ⋅ ⋅ = ܸ ∞ ݉,2 -V 2 * ,
